Water reallocation between economic agents has been -and continues to be-the subject of a considerable amount of research. This paper proposes a method for evaluating how water is reallocated within the economy in response to changes in final demand and changes in the technical water needs of activities and consumers. The empirical application, which is for the Catalan economy, shows important asymmetries in the effects that exogenous inflows and changes in water technical requirements cause on water reallocation. In the process of water distribution, exogenous inflows mostly benefit agriculture and damage private consumers. On the other hand, increases in technical water requirements have negative effects on agriculture and positive effects on the other production activities. The results of the study suggest that agriculture is an important activity not only in terms of water distribution but also in terms of water reallocation due to changes in final demand and technical water needs.
Introduction
In recent decades, water research has become an important field in economic analysis.
For various reasons, water supply has high level of rigidity. In most countries historical rights guarantee water provision to agents or associate water allocation to land owners.
And the total amount of water is usually fixed and requires considerable investment and large-scale projects if it is to be increased. On the other hand, recently water demand has tended to increase largely due to demographic and economic growth. The rigid supply combined with the increasing demand leads to a structural disequilibrium problem in water resources that tends to intensify over time.
In those regions characterised by water scarcity, intense economic activity and high population, the imbalance between water availability and water needs has become a serious problem for local authorities. In this context, the question has emerged of how water endowments should be allocated and which criteria will ensure not only social equity but also economic efficiency.
There is no single solution to water allocation and the issue usually raises considerable controversy, because it has an economic and social dimension that involves all the inhabitants of an economy. An important question regarding water allocation is that in most countries water has not historically been allocated by markets but by property rights. When analysing reallocation, water research takes into account such arguments as the (possible) conflict of interests between the economic agents of any reallocation system and the impediments of the traditional water distribution to undertaking new activities with a greater value added than the current ones.
The literature has used a variety of methodologies to analyse the effects of water reallocation systems from different points of view. Seung et al (1998) used computable general equilibrium (CGE) techniques to analyse the economic effects of water transfers in the Walker River Basin of Nevada and California. Goodman (2000) compared the economic impacts of an increase in water storage with temporary water transfers between rural and urban communities in the Arkansas River Basin. Seung et al (2000) used a dynamic CGE model to evaluate the impacts of water reallocation in Churchill County, Nevada. Hewings et al (2005) evaluated the impact of water reallocation from agriculture to other productive sectors in a model that fully captured the feedback effects between sectors. Velázquez et al (2005) used a computable general equilibrium model to study the effects that an increase in the price of the water delivered to agriculture would have on the efficiency of water consumption. They also analysed the possible reallocation of water to other productive sectors in the Spanish region of Andalusia. Lennox and Varghese (2007) used a CGE approach to analyse water uses in Canterbury. More recently, Lennox and Diukanova (2011) used the general equilibrium framework to determine the regional effects of water reallocation in Canterbury.
Finally, Cardenete and Hewings (2011) analysed sectorial water reallocation in Andalusia using a regional CGE model.
The conventional linear input-output model shows the interrelations in the production system and makes a representation of the interdependency between economic sectors. Therefore, it is a useful tool for capturing the interaction between water uses within the production system. In fact, the input-output model has been widely used to analyse water consumption and water needs since the pioneering work by Lofting and McCaughey (1968) , who introduced water inputs as a productive factor in a traditional input-output model in order to evaluate the water requirements of the Californian economy. Since then, the model has been used to describe water uses and their interrelations within the production system.
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The input-output approach, which has always focused on analysing the patterns that explain total water consumption, can also be used to show water reallocation between sectors. However, as far as I know, Howe et al (1990) is the only paper that uses the input-output method to study water reallocation between the production system and urban consumers in the Arkansas River Valley in Colorado.
The objective of this paper is to adapt the conventional Leontief model in such a way that it will be able to show water reallocation within the economy. Specifically, I
calculate the changes in the water distribution caused by both exogenous shocks in final demand and efficiency improvements in the water requirements of agents. In order to completely capture the agents involved in water uses, I define an extended input-output approach that contains not only the sectorial relations but also the final consumption in the endogenous part of the model. The method used accounts for the relative water consumed by sectors and consumers and shows how the exogenous inflows in final demand and the changes in technical water requirements modify the relative importance of agents within the total consumption of water.
2 The analysis can be regarded as a water reallocation measurement that highlights the interdependence between the consumption and production of any water distribution process. I apply this analytical context to the Spanish region of Catalonia, using the most recent economic and environmental information available.
1 Among others, we can quote Duarte et al (2002 ), Velázquez (2006 and Dietzenbacher and Velázquez (2007) . 2 In a similar fashion, the input-output model has been used to analyse income distribution (Roland-Holst and Sancho, 1992) . Llop and Manresa (2004) studied the income distribution process in a social accounting matrix model. And Butnar and Llop (2007) presented an input-otuput model to analyse greenhouse emissions in relative terms.
Catalonia is a Mediterranean region with limited water resources that depend to a considerable extent on rainfall. As the population is concentrated on the coast and the water resources are mainly in the mountains, there are permanent imbalances between regional water resources and regional water requirements. In the last decade, water scarcity has become an important problem for the regional authorities, particularly during periods of lack of rainfall, and this problem opened the debate on how to allocate regional water and solve the regional water problem.
This paper helps to understand the factors that underlie water reallocation. How changes in exogenous demand and in technical water needs affect the distribution of water are interesting questions for water analysis and resources research. The approach presented here extends our knowledge of the economic-ecologic relationships that affect water allocation.
The results show important asymmetries in the individual effects that exogenous inflows and technical changes have on water reallocation. When there are generalised exogenous inflows to all economic agents, agriculture is the sector that most benefits in terms of water distribution, while consumers are the most damaged. Additionally, when agents have greater water needs, agriculture reduces its relative water consumption to a greater extent while other sectors are positively affected by the reallocation process.
The rest of the paper is organised as follows. Section 2 describes the extended inputoutput model of water consumption and presents the relative measurements of water distribution. Section 3 describes the databases used in the empirical application to the Catalan economy and section 4 contains the empirical results. A conclusions section ends the paper.
Modelling relative water consumption
The analytical framework that accounts for water distribution is based on an extended input-output approach that includes not only sectors of production but also consumers.
The standard representation of the input-output model, in matrix notation, can be defined as follows:
In expression (1), x is the final output vector and has n+1 elements (n production activities and 1 household sector). Similarly, y is the final demand vector for the n+1 elements (n remaining final demand for sectors and 1 final demand for the output of households). Finally, matrix A has the following structure:
where u is a column vector of sectorial consumption coefficients, calculated by dividing the sectorial consumption by the total private consumption of the economy and A is a submatrix of the input-output technical coefficients for n activities, calculated by dividing the intermediate consumption by the output in each sector.
The multiplier analysis assumes that the technical coefficients are constant, so matrix A does not vary. In expression (1), (I -A) -1 is the matrix of extended input-output multipliers and shows the overall effects (direct and indirect) on sectorial production and consumption caused by unitary and exogenous changes in the final demand.
The model described in (1) can be used to account for the water consumption of sectors of production and consumers. Let W be the diagonal matrix of water consumption per unit of output in sectors and consumers, respectively. In this matrix, each element in the main diagonal is the amount of water consumed (in physical units) per monetary unit of final production (the water technical coefficients), and the elements outside the main diagonal are null. The total water consumption associated with a given level of final demand can then be calculated as follows:
where l is the column vector of physical water used by sectors and consumers.
Following expression (2), the changes in the amount of water uses (dl) caused by changes in the final demand (dy) can be calculated as:
Expression (3) captures the entire sequence between the exogenous shocks in demand (government expenditure, investment and exports) and the resulting impacts on total water consumed. Following the logic of the input-output model, new demand increases the sectorial production and consumption and, at the same time, it also increases water requirements.
The input-output model explains the process of water uses in greater depth. In particular, it makes it possible to analyse how changes in the final exogenous demand modify the distribution of water between activities and households. The vector of water distribution (or relative water consumption) can be defined by normalizing expression (2):
where e' is a unitary row vector and r is a column vector that contains the relative water consumption or water distribution. Note that this vector is calculated by dividing the vector l of n+1 water consumption (n for activities and 1 for consumers) by the total water uses. 
In expression (5) 
In expression (6), t is the column vector of the changes in the water distribution, or the water reallocation vector, caused by the changes in the water requirements. In order to
show the bilateral effects between the accounts, we can calculate matrix T which contains the reallocation effects of the accounts on the others. This matrix responds to:
where Y is the diagonal matrix containing the elements of y in the main diagonal and zeros elsewhere. A generic element of matrix T, T kz , shows the effect that a unitary increase in the water coefficient of z has on the relative water consumption of k. As in the preceding matrix R, the elements in T can be either positive or negative (that is, they can show a rise or a decrease in the relative water consumption). This method of representing water uses also involves a set of bilateral connections between activities and households and reveals how water is reallocated in response to changes in the water needs per unit of output.
As before, irrespective of the dimension of matrix T, the sum of the columns is null: e'T = 0. This means that expression (6) can be interpreted as a process of winners and losers in net terms and that there are no overall positive (or negative) gains.
The analytical method described above shows how water distribution is modified by changes in sectorial demand and in the technical water requirements of agents. The study of changes in relative water consumption, or water reallocation, therefore, improves our understanding of the reasons for the effects on the water distribution process.
Database
To empirically implement the model, I use regional information about the economic relations between sectors and consumers and about water uses in the economy. More specifically, the source of statistics is a regional social accounting matrix for the Catalan economy (SAMCAT), which contains data for the 2001. It is used to calculate matrix A, vector y and vector x of the distribution model presented in section 2. This database shows a level of disaggregation of 15 activities (agriculture, eight differentiated industries, construction and five differentiated services) and a generic account that shows the income and expenditure relations of the private agents in the regional economy.
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The information on water uses is the most recent data on the amount of physical water consumed by activities and households. It is for the year 2004 and is measured in cubic hectometres (hm 3 ) consumed in a year. 6 The data on total water uses is organized in a vector l of dimension n+1×1 whose elements contain the amount of water consumed by n domestic industries and 1 aggregated consumer. Additionally, I calculate matrix W by dividing the amount of physical water consumed (that is, the elements in vector l) by the sectorial output (that is, the elements in vector x). The resulting values, or water technical coefficients, are placed on the main diagonal of matrix W.
Empirical application to Catalan water consumption
The analytical context discussed in section 2 shows how exogenous and unitary inflows to final demand affect the water distribution between economic agents. It also shows how changes in technical water requirements modify water distribution.
[PLACE TABLE 1 HERE] Table 1 shows the relative water consumption or water distribution (vector r), which was calculated by dividing the total water used by each account (l) by the total water uses of the economy (e'l). The elements in table 1 show that the water distribution in the Catalan economy is highly asymmetric: agriculture (account 1) consumes most of the 5 Llop (2011) describes the process of construction and the structure of the social accounting matrix for Catalonia. 6 This information has been calculated from two different sources. The data available in Termes and Guiu (2009) have been used to obtain the total water consumed in the region, and the data from the Agencia Catalana de l'Aigua (2008) have been used to obtain the water consumed within the production system. total uses (71.62%) followed by consumers (account 16) with 18.13%. These two agents, then, jointly use practically 90% of the total water consumed in the region.
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[PLACE TABLE 2 HERE] Table 2 shows the water reallocation when there are exogenous and unitary inflows in both the production sectors and consumers. Specifically, these exogenous inflows can come from a unitary increase in public expenditure, investment or exports. Table 2 modifies the original changes in water reallocation, as it contains the non-normalized elements corresponding to the matrix (e'l)R. It is interesting to analyse the symmetry between pairs of elements in table 2. Symmetry in bilateral links means that there is the same type of effect (positive or negative) in two accounts when they receive an exogenous inflow. Positive symmetry means that the relationships between two accounts are reciprocally beneficial in terms of the water distribution process. As table 2 shows, there are a lot of positive symmetries between accounts, but none of them involves agriculture (account 1) or consumers (account 16).
Another important aspect is that, except along the main diagonal, the negative bilateral effects dominate (59% approximately). The elements along the main diagonal show the water distribution generated to each account as a result of its own exogenous inflows and are positive in all accounts.
The row sum in table 2 points out that, while the relative water consumption of agriculture (account 1) increases under a new and exogenous demand to all economic agents, the relative water of the other agents reduces, with the following exceptions:
paper production (account 8), finance (account 13) and public services (account 15).
These three accounts show positive row sums (0.243, 0.112 and 1.083 hm 3 of water, respectively).
[ PLACE TABLE 3 HERE] of 24% of the total water consumed, energy uses 44%, consumers use 17% and industry uses the remaining 15% (Ecologic Institute, 2007) . The values in table 3 suggest that the generalised increases in water needs per unit of output, not only reduce the relative water of agriculture but also increase the relative water consumption of the other production sectors.
The analysis of water reallocation within the input-output model completes our knowledge of the water distribution process. This allows us to disentangle the underlying water interdependences within the economy and provides interesting information about the effects of water reallocation on economic agents.
Conclusions
This paper has presented a method for analysing the water reallocation consequences of changes in both the final demand of agents and technical water requirements Our application to Catalan water uses reveals important asymmetries in the individual effects of exogenous inflows and technical water changes on the water reallocation.
More specifically, agriculture is the sector that most benefits from the generalised exogenous inflows to all economic agents, while consumers are the most damaged.
Additionally, when agents increase their water needs agriculture reduces its relative water consumption to a greater extent while other production activities are positively affected by the reallocation process. This suggests that any water reallocation policy should take into account the automatic mechanisms that take place within the economic system. The context presented in this paper show that these automatic effects could be of great importance in terms of their ability to reallocate the water resources.
Water distribution is a challenging issue in both economic and ecologic research. This paper may help to clarify some of the underlying effects that affect the water distribution process. To completely understand the implications of water reallocation, further research should be carried out to take into account several aspects not captured by the input-output model, such as the ability to increase total water resources and the historical rights that impede water transfers among agents. 
